Background: Diabetic nephropathy is the most common cause of chronic kidney disease and the number afflicted patients continues to rise. The presence of proteinuria has been considered as a prerequisite for the diagnosis of diabetic nephropathy. But one third to one half of type 2 diabetics with CKD have no proteinuria and the pathology of non proteinuric CKD in this group remains unclear as renal biopsy is commonly not performed in these patients. The present study addresses the question: Can a classical diabetic nephropathy occur in the absence of proteinuria? Method: We examined renal biopsies of subjects who underwent nephrectomy from 1999 to 2009 for renal cancer, had eGFR < 60 ml/min and no microalbuminuria or proteinuria. 10 diabetics were matched with 10 non diabetics for age, hypertension and baseline creatinine. Results: The diabetic subjects had advanced diabetic lesions even in absence of proteinuria. Tubules and tubular-interstitium was relatively well preserved. Diabetic glomerulosclerosis can occur in the absence of microalbuminuria. Conclusions: It is becoming increasingly apparent that a considerable proportion of subjects with type 2 diabetes can develop renal impairment in the absence of albuminuria. Diabetic glomerulosclerosis may develop before the proteinuria can be detected and relying on albumin excretion as first sign for renal involvement may be too late in diagnosing and modifying the progression of the kidney disease.
INTRODUCTION

Background
Diabetic nephropathy is the most common cause of chronic kidney disease in the Unites states and the number of affected patients continues to rise. According to the classical view, type 2 diabetic nephropathy is typically presented with Kimmelstiel-Wilson lesions of the glomerulus, as shown by the renal biopsies, and its classical clinical course is characterized by the progression from microalbuminuria to proteinuria accompanied by renal dysfunction, and finally, end-stage renal disease [1] [2] [3] [4] . Persistent albuminuria has been considered to be the hallmark for diabetic nephropathy and is believed to be the earliest marker of glomerular diseases.
However, it has been now established that a nonalbuminuric or nonproteinuric type of kidney disease is also quite prevalent in type 2 diabetics. Around one third to half of type 2 diabetics may have CKD without proteinuria [5, 6] . CKD in absence of proteinuria has been postulated to be due to atubular glomeruli, renal microvascular atherosclerotic disease, analgesics etc. [7, 8] . Renal insufficiency in type 2 diabetics with normoalbuminuria is sometimes labeled as non diabetic kidney disease and biopsy is usually not performed.
Caramori et al. reported presence of diabetic glomerulosclerosis on the renal biopsy in 23 patients with type 1 diabetes who had CKD and normoalbuminuria [9] . Yagil et al. examined the pathology of kidney failure in the Cohen diabetic rat which is an experimental model suggestive of human type 2 diabetes. In the study Cohen diabetic sensitive (CDs) and Cohen diabetic resistant (CDr) rats were fed regular diet or a diabetogenic diet. CDs rats that were fed diabetogenic diet developed diabetes, renal insufficiency and nonproliferative diabetic retinopathy but urinary protein excretion was normal. zh* The authors of this manuscript report no conflict of interest.
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Histological examination of the renal tissue of CDs revealed increase in mesangial matrix, thickening of glomerular capillary wall, thickening of basement membrane and increased type IV collagen in glomeruli and interstitium of CDs [10] .
Objectives
Except for type 1 diabetes, studies showing renal histological changes in patients with type 2 diabetes, normoalbuminuria and renal insufficiency have not been performed. The aim of this current study was to address the question: Can a classical diabetic nephropathy with declining kidney disease, occur in the absence of proteinuria and/or absence of microalbuminuria in type 2 diabetics. We identified a group of normoalbuminuric type 2 diabetic patients with low GFR and compared their clinical and structural parameters to normoalbuminuric patients with similar GFR. We compared biopsies of subjects who underwent nephrectomy for renal cancer, had estimated glomerular filtration rate (eGFR) < 60 ml/min and were normoalbuminuric.
METHODS
Subjects
We compared 20 subjects who underwent nephrectomy for Renal cancer between year 1999 to 2009, had eGFR < 60 ml/min, normoalbuminuria and absence of other known glomerulopathies. Biopsies of normoalbuminuric type 2 diabetics (n = 10) were compared with nondiabetic controls (n = 10).
Variables
Data regarding age, history of hypertension, duration of diabetes, presence of retinopathy or neuropathy at the time of nephrectomy, medication including use of insulin, angiotensin converting enzyme inhibitors (ACEi) or Angiotenin receptor blockers (ARBs) were obtained from the electronic chart. GFR was estimated by Modification of Diet in Renal Disease equation. It uses standardized serum creatinine, age, gender and race to estimate GFR. Serum creatinine within 1 month prior to surgery and one month after the surgery was noted. Urinalysis for total protein was done using automated reading by reagent strip. Normoalbuminuria was defined as Albumin creatinine ratio (ACR) < 30 mg/g within 6 months before the surgery. Glycosylated hemoglobin (HbA1c) with past 6 months was also recorded.
Light Microscopy
Fifty to hundred glomerulus were examined under light microscopy for each subject. Four classes of glomerular lesions were defined per Renal Pathology Society Classification. Class I: isolated glomerular basement membrane thickening; class IIa: mild mesangial thickening; class IIb: severe mesangial expansion but without nodular sclerosis; class III: at least one glomerulus with nodular increase in mesangial matrix (Kimmelstiel-Wilson); class IV: more than 50% global glomerulosclerosis due to diabetes [11] . Percentage of interstitial fibrosis and tubular atrophy (IFTA) was also noted. Small vessel was reported as normal if there was absence any noticeable alteration of the vessel wall, mild hyalinosis if vessel wall hyalinosis comprised 25% of the circumference, moderate if vessel wall hyalinosis was >25% and <50%, severe if the hyalinosis was >50%.
Statistical Methods
We compared age, presence of hypertension, hypertension medication use, serum creatinine, eGFR between those with and those without diabetes using Student's t-test or Chi-square tests. Statistical significance was defined as 2-tailed p value less than 0.05. We compared the light microscopy findings between the two groups.
RESULTS
Participants
There were 20 participants who were studied, 10 diabetics and 10 controls. Both groups were similar for age, mean serum creatinine, presence of HTN ( Table 1 ). All subjects were male and Caucasians. Mean age of the diabetic group was 65.6 ± 7.4 years, mean eGFR 53 ± 4.9 ml/min. In the diabetic group 40% were on oral meds for diabetes, 20% on Insulin and 40% were diet controlled. Mean HbA1c was 7.2 ± 2.5. Serum creatinine pre nephrectomy was 1.4 ± 0.13 mg/dl and post nephrectomy 1.6 ± 0.15 mg/dl. 40% were not on ACEi/ARBs. (Figure 1(a) ). Tubules and tubule interstitium was relatively well preserved. Afferent and efferent arteriolar hyalinosis was also observed ( Table 2 ).
Controls
Capillary wall thickening and mesangial expansion was not present in control subjects (Figure 1(b) ). More obsolescent glomeruli with higher percentage of tubularinterstitial atrophy was noted in the biopsy of control subjects. Hypertensive changes were more common (Table 3). 
DISCUSSION
It is becoming increasingly apparent that a considerable proportion of subjects with type 2 diabetes can develop renal impairment in the absence of albuminuria [5, 6, 12] . In United Kingdom Prospective Diabetic Study involving 4031 subjects with type 2 diabetes 38% developed albuminuria and 29% developed CKD over a median of 15 years of follow up. Among participants who developed CKD, half of them did not have preceeding albuminuria and 39% did not develop albuminuria during the study [5] . Kramer et al. studied 600 type 2 diabetic patients with normoalbuminuria and found that 13% had CKD [8] . In another study utilizing third National Health and Nutrition Examination Survey (NHANES) 30% of the diabetics had renal insufficiency but did not have retinopathy or albuminuria [6] . It was hypothesized that CKD in diabetics without proteinuria could be due to atubular glomeruli, tubular atrophy and interstitial fibrosis rather than classical diabetic glomerulosclerosis [6] . Type 2 diabetes may have considerable decline of renal function while they are still normoalbuminuric [7] . The present study shows diabetic glomeruloslerosis can be present in diabetics with non proteinuric CKD. The above is supported by Cohen rat model in which rats developed diabetes, renal insufficiency and diabetic renal lesions in absence of proteinuria when they were fed diabetogenic diet [10] . Caramori et al. also reported presence of advanced diabetic lesion in type 1 diabetics who had nonproteinurinuric CKD [9] . Absence of proteinuria in presence of advanced glomerular lesion in our study could be due to reabsorption of protein by relatively well preserved tubules in our subjects. The lesions were also noted in subjects whose diabetes was controlled with diet or oral medications. This further raises the question if these lesions can develop in early stages of DM.
The renal lesions of diabetes be early in time than what it has been suspected until now and precede proteinuria. Well preserved tubules may prevent appearance of protein in urine. Early use of RAS blocking agents may be useful in early stages of DM to prevent progression of renal disease.
The study has several limitations. Firstly, it's a small study and the participants were predominantly Caucasian, older than 50 years of age and males. Secondly, some subjects were on RAS blockade agent which may mask the presence of microalbuminuria. Thirdly, we do not have immunoflorescence or electron microscopy data. Recent studies based on high-power electron microscopy have emphasized the role of podocytopathy in the pathogenesis of proteinuria in diabetic kidneys [13] [14] [15] [16] . Podocyte detachment from the glomerular basement membrane has been demonstrated in kidney biopsies from type 2 diabetics. Prospective future study should correlate the presence of prot inuria with above changes e OPEN ACCESS Abbreviations: DM-diabetes mellitus; NA-not available; HbA1c-glycosylated emoglobin; ACEi-angiotensin converting enzyme inhibitors; ARB-angiotensin receptor blockers; eGFR-estimated glomerular filtration rate; NPDR-non proliferative diabetic retinopathy; Mesangial changes-class I: isolated glomerular basement membrane thickening; class IIa: mild mesangial thickening; class IIb: severe mesangial expansion but without nodular sclerosis; class III: at least one glomerulus with nodular increase in mesangial matrix (Kimmelstiel-Wilson); class IV: more than 50% global glomerulosclerosis due to diabetes.
for elucidation of mechanisms of proteinuria in diabetes [13] [14] [15] [16] Finally, the biopsy data was obtained from those who underwent nephrectomy and higher creatinine could be in part due to the involvement of the kidney by tumor. The above and other drawbacks of the present study need to be answered by well designed prospective studies.
In conclusion, to the best of our knowledge, this is the first study evaluating the pathology non proteinuric CKD in type 2 diabetics and comparing the biopsy to age matched controls. Diabetic glomerulosclerosis may occur early in time than what it has been suspected and may precede proteinuria. Relying on albumin excretion as first sign for renal involvement may be too late in diagnosing and modifying the progression of the disease and better markers for monitoring of renal function that can detect early renal damage are much needed. Early use of RAS blocking agents before the detection of microalbuminuria or renal impairment may be beneficial in preserving the renal function in diabetics. Considering the disease burden of diabetes and CKD, these results have important clinical and public health implications. Further prospective studies need to be designed to evaluate the 
